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(54) Shift control system for automatic transmission 



(57) A shift control system for an automatic trans- 
mission having an automatic shift mode in which a prop- 
er gear ratio is automatically selected according to a 
shift command based on a throttle valve opening and a 
vehicle speed, and further having a manual shift mode 
in which a gear ratio is selected according to a shift com- 
mand given by driver's manual operation. The shift con- 
trol system includes timer means for counting an 



elapsed time after a shift operation has been started. 
The elapsed time is compared with a predetermined first 
re-shift permission time in the case of automatic shift 
operation and with a predetermined second re-shift per- 
mission time in the case of manual shift operation. The 
first re-shift permission time and the second re-shift per- 
mission time are different from each other to optimize 
the shift control both in the automatic shift mode and in 
the manual shift mode. 
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1. 

Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



[0001] The present invention relates to a shift control 
system for an automatic transmission that can be oper- 
ated not only under an automatic shift mode, but also 
under a manual shift mode. 

2. Description of Related Art 

[0002] Such an automatic transmission is highly suit- 
able for various purposes ranging from ordinary use to 
sporty use, since a proper gear ratio can be selected not 
only automatically according to a shift command based 
on a throttle valve opening and a vehicle speed, but also 
manually according to a shift command given by driver's 
manual operation in a fun-to-drive manner. Prior at- 
tempts at this type of automatic transmission suffer from 
a problem that multiple shift commands may be succes- 
sively given within a short period, causing noticeable 
shift shocks and thereby degrading driving comfort. 
Thus, in an attempt to mitigate shift shocks and/or avoid 
degradation of the driving comfort, a shift control system 
is proposed in JP 6-32341 8A, which includes a system 
designed such that, during a shift operation correspond- 
ing to input of a shift command, a further shift operation 
based on a subsequent shift command is prohibited 
when a predetermined time or so-called "re-shift permis- 
sion time" has elapsed. However, even if the intended 
objectives can be more or less achieved by such a con- 
ventional solution, there still remains a problem often 
felt by many drivers, that a satisfactory response to shift 
command is not achieved particularly in the manual shift 
mode wherein an immediate reaction of the transmis- 
sion is desired after a shift command is manually given. 

SUMMARY OF THE INVENTION 

[0003] It is therefore a primary object of the present 
Invention to provide an improved shift control system for 
an automatic transmission having an automatic shift 
mode and a manual shift mode, wherein the shift control 
system is so designed as to achieve a sufficient re- 
sponse to shift command in the manual shift mode, while 
mitigating shift shocks and/or avoiding degradation of 
the driving comfort. 

[0004] The inventors conducted thorough research 
and investigations and arrived at a recognition that the 
above-mentioned problems of the prior art resulted from 
the design of the shift control system in which the length 
of the re-shift permission time for automatic shift oper- 
ation and that for manual shift operation are the same. 
In other words, it has been conceived by the inventors 
that the shift control, both in the automatic shift mode 
and the manual shift mode, can be optimized if different 
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re -shift permission times are set for these two shift 
modes. 

[0005] According to the present invention, there is 
provided a shift control system for an automatic trans- 

s mission having an automatic shift mode in which a prop- 
er gear ratio is automatically selected according to a 
shift command based on a throttle valve opening and a 
vehicle speed, and further having a manual shift mode 
in which a gear ratio is selected according to a shift com- 

10 mand given by driver's manual operation, wherein the 
shift control system comprises timer means for counting 
an elapsed time after a shift operation has been started, 
which elapsed time is compared with a predetermined 
first re-shift permission time in the case of automatic 

15 shift operation and with a predetermined second re-shift 
permission time in the case of manual shift operation, 
wherein the first re-shift permission time and the second 
re -shift permission time are different from each other. 
[0006] In the shift control system according to the 

20 present invention, an elapsed time after a shift operation 
has been started is counted by a timer means and com- 
pared with a predetermined first re-shift permission time 
in the case of automatic shift operation and with a pre- 
determined second re-shift permission time in the case 

25 of manual shift operation, wherein the first re-shift per- 
mission time and the second re-shift permission time are 
different from each other. Therefore, it is possible to per- 
form the shift control in optimized manner both in the 
automatic shift mode and the manual shift mode. 

30 [0007] It is preferred that the second re-shift permis- 
sion time is set to be longer than the second re-shift per- 
mission time. In this instance, it is possible to perform 
the shift control, by giving priority to avoidance of shift 
shocks and/or degraded driving comfort, in the case of 

35 automatic shift mode, and further giving priority to re- 
sponse to a shift command in the case of the manual 
shift mode. 

[0008] It is preferred that the manual shift mode of the 
automatic transmission enables an upshift of one step 

40 of the gear ratios by one manual operation and a down- 
shift of one step of the gear ratios by one manual oper- 
ation. In this instance, even when the driver in the man- 
ual shift mode of the transmission successively gives 
multiple commands for upshift and/or downshift opera- 

<5 tions within a short time, the shift operation exactly to a 
gear ratio as intended by the driver can be performed 
with a satisfactory response. 



so 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0009] The present invention will be further explained 
below with reference to preferred embodiments shown 
in the accompanying drawings. 

[0010] FIG. 1 is a block diagram schematically show- 
55 jng a shift control system according to the present in- 
vention. 

[0011] FIG. 2 is a view showing one example of a se- 
lector for the automatic transmission. 
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[0012] FIG. 3 is a view showing another example of 
an upshift/downshift switch. 

[0013] FIG. 4 is a view showing still another example 
of an upshift/downshift switch. 

[0014] FIG.5isaflowchartshowing a shift control pro- 
gram executed by the shift control system according to 
the present invention. 

[0015] FIG. 6 is a graph showing one example of the 
relationship between the elapsed time of the shift oper- 
ation in automatic transmission and re-shift permission 
time in which a re-shift command is given during the shift 
operation. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0016] As shown in FIG. 1 , an engine 10 of a vehicle 
is drivingly connected to an automatic transmission 11 
that is controlled by a shift control system according to 
the present invention. It is assumed that an electronic 
engine controller 12 carries out an engine control, such 
as fuel injection valve control and ignition control, ac- 
cording to the throttle opening detected by a throttle 
opening sensor 13 and the vehicle speed detected by a 
vehicle speed sensor 14. 

[0017] An electronic shift controller 15 determines a 
proper gear ratio according to the throttle opening and 
the vehicle speed, as well as the position of a selector 
1 7 detected by a selected position sensor 1 6, and an 
upshift signal from an upshift switch 18 or a downshift 
signal from a downshift switch 19. Based on these pa- 
rameters, the electronic shift controller 1 5 determines a 
gear ratio of the automatic transmission 11 and gener- 
ates command values for realizing the determined gear 
ratio to a hydraulic control circuit 20. 
[0018] The hydraulic control circuit 20 includes shift 
solenoids 21 and 22, which are supplied with the com- 
mand values from the electronic shift controller 15, so 
as to operate friction elements of the automatic trans- 
mission 11, such as clutches or brakes, for achieving 
the gear ratio determined by the electronic shift control- 
ler 15. The hydraulic control circuit 20 is provided with 
an oil temperature sensor 23 for detecting the temper- 
ature of hydraulic oil and sends a detected value to the 
electronic shift controller 1 5. It is noted that only two shift 
solenoids are shown in F(G. 1 , for the sake of simplicity, 
though the number of the shift solenoids corresponds to 
the number of actuators for actuating the friction ele- 
ments of the automatic transmission 1 1 to be selectively 
operated. 

[0019] FIG. 2 shows one example of a selector 1 7 of 
the automatic transmission 11, which can be operated 
in both an automatic shift mode and a manual shift 
mode. As in a conventional manner, the automatic shift 
mode allows upshift and downshift operations to be au- 
tomatically performed based on the above-mentioned 
parameters of the automatic transmission 11, whereas 
the manual shift mode allows driver's manual upshift or 
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downshift operations. The selector 17 shown in FIG. 2 
comprises a select lever 24 that is guided by a substan- 
tially H -shaped guide grooves 25. The left side of the 
guide groove 25 is assigned to various ranges of the 

s automatic transmission 11 , such as parking range "P", 
reverse range "R", neutral range "N", drive range "D", 
second range "2" and first range "1 wherein the drive 
range corresponds to the automatic shift mode. Al- 
though the "N" and "D" range designations are hidden 

10 in FIG. 2 by the shift selector, it should be understood 
that the "N" range is adjacent the "R" position and the 
"D" range is adjacent the "2" position. 
[0020] The position of the select lever 24 for the man- 
ual shift mode of the automatic transmission 11 is situ- 

15 ated opposite to, or adjacent, the drive range position 
as shown in FIG. 1 . The manual shift mode of the auto- 
matic transmission 11 is selected simply by tilting the 
select lever 24 from its drive range position as illustrated 
toward the right side of the guide groove 25. When the 

20 select lever 24 is tilted to the right side of the guide 
groove 25, it is normally maintained in its center position 
with an indication of symbol "M". The right side of the 
guide groove 25 has a front end with an indication of 
symbol •+", where the select lever 24 operates the up- 

25 shift switch 1 8, and a rear end with an indication of sym- 
bol where the select lever 24 operates the downshift 
switch 19. Thus, if the select lever 24 is shifted forward 
in the manual shift mode, the upshift-switch 18 is oper- 
ated and an upshift signal is sent to the electronic shift 

30 controller 1 5. If the select lever 24 is shifted rearward in 
the manual shift mode, the downshift switch 19 is oper- 
ated and a downshift signal is sent to the electronic shift 
controller 1 5. It is assumed that the electronic shift con- 
troller 1 5 is designed so that an upshift operation of one 

35 gear ratio is judged to have been desired by each man- 
ual operation of the select lever 24 to its forward end, 
and a downshift operation of one gear ratio is judged to 
have been desired by each manual operation of the se- 
lect lever to its rear end. 

40 [0021] In the embodiment of FIG. 2, the upshift switch 
18 and the downshift switch 19 shown in FIG. 1 are op- 
erated by the selector 24 of the automatic transmission 
1 1 , though other embodiments of the upshift switch and 
the downshift switch are possible. Thus, in the embod- 

45 iment of FIG. 3, a steering wheel 26 is provided with a 
switch member 27 having upper and lower parts. If the 
upper part of the switch 27 is pressed by the driver, the 
upshift switch 18 is operated, whereas if the lower part 
of the switch 27 is pressed by the driver, the downshift 

50 switch 19 is operated. Furthermore, in the embodiment 
of FIG. 4, a steering column 28 is provided with a shift 
switch lever 29. If the switch lever 29 is raised upward, 
the upshift switch 18 is operated, whereas if the switch 
lever 29 is pressed downward, the downshift switch 19 

55 is operated. 

[0022] A shift control program executed by the shift 
control system according to the present invention will be 
explained below with reference to FIG. 5. 
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[0023] First, the throttle opening of the engine is read 
in step S1 1 from the throttle opening sensor 1 3, and the 
vehicle speed is read in step S1 2 from the vehicle speed 
sensor 14. Then, the control proceeds to step S13 
where the selected range position of the automatic 
transmission 1 1 is read. To be more specific, in step S1 3, 
if the automatic shift mode is selected, the current gear 
ratio of the transmission is read, whereas if the manual 
shift mode is selected, the upshift signal from the upshift 
switch 18 or the downshift signal from the downshift 
switch 1 9 is read. 

[0024] The control proceeds to step S1 4 where a next 
gear ratio to be achieved by a subsequent shift opera- 
tion is determined based on the throttle opening, vehicle 
speed, and upshift or downshift signal. The control then 
proceeds to step S1 5 where the current gear ratio read 
in step S13 and the next gear ratio determined in step 
S14 are compared with each other. If the current gear 
ratio and the next gear ratio are different from each oth- 
er, it is judged that a shift operation is required so that 
the control proceeds to step S16. If the current gear ratio 
and the next gear ratio are same as each other, it is 
judged that a shift operation is not required so that the 
control returns to step S11 . 

[0025] In step S16, the shift operation is started by 
supplying command values from the electronic shift con- 
troller 1 5 to the shift solenoids 21 and 22 of the hydraulic 
control circuit 20 so as to change the current gear ratio 
to a new gear ratio. The control then proceeds to step 
S1 7 where the counting of a re-shift permission timer Ts 
is started, so as to count the time elapsed after the shift 
operation is started, as the basis for a subsequent judg- 
ment of whether or not the elapsed time has reached 
the predetermined re-shift permission time. 
[0026] As explained above, in automatic transmis- 
sions, when a new shift command is given during the 
period wherein the shift operation is being performed, a 
significant shift shock or other troubles may occur if the 
shift operation being performed is stopped and a new 
shift operation is performed immediately. In view of such 
a problem, as proposed in JP 6-32341 8A, it is known to 
provide a re-shift permission timer and prohibit a shift 
operation based on a new shift command, after a pre- 
determined re-shift permission time as counted from the 
start of the previous shift operation has elasped. 
[0027] The shift control according to the present in- 
vention proceeds to step S18 where the shift operation 
is executed and continued based on the shift command, 
and further to step S1 9 where it is judged whether or not 
the shift operation has been completed. If it is judged in 
step S19 that the shift operation has been completed, 
then the control program is ended. On the contrary, if it 
is judged in step S19 that the shift operation has not 
been completed, the control further proceeds succes- 
sively to steps S20, S21 and S22. Thus, the throttle 
opening is read again in step S20 from the throttle open- 
ing sensor 1 3, the vehicle speed is read in step S21 from 
the vehicle speed sensor 1 4, and the selected range po- 



sition of the automatic transmission 11 is read again in 
step S22. 

[0028] The control proceeds to step S23 where the 
next gear ratio is newly determined based on the infor- 
5 mation read in the preceding steps S20 to S22. The con- 
trol then proceeds to step S24 where the gear ratio 
achieved after the current shift operation and the next 
gear ratio determined in the preceding step S23 are 
compared to each other. If it is judged in step S24 that 

10 the gear ratio achieved after the current shift operation 
and the next gear ratio determined in the preceding step 
S23 are same with each other, it is judged that a new 
shift operation is not performed, and the control returns 
to step S1 8 to continue the shift operation being current- 
's fy performed. On the contrary, it is judged in step S24 
that the gear ratio achieved after the current shift oper- 
ation and the next gear ratio determined in the preceding 
step S23 are different from each other, it is judged that 
a new shift operation is performed and the control pro- 

20 ceeds to step S25. 

[0029] In step S25, it is judged whether or not the shift 
command is given in a manual shift mode of the trans- 
mission. The judgment in step S25 may be based on 
information, e.g., from the selected position sensor 16 

25 and/or an upshift signal from the upshift switch 18 or a 
downshift signal from the downshift switch 19. If it is 
judged in step S25 that the shift command is given in 
the manual shift mode of the transmission, the control 
proceeds to step S26. On the contrary, if it is judged in 

30 step 25 that the shift command is not in the manual shift 
mode, that is, it is in the automatic shift mode of the 
transmission, the control proceeds to step S29. 
[0030] In step S26, the counted value Ts of the re-shift 
permission timer, i.e., the elapsed time from the start of 

35 the first shift operation is compared with a predeter- 
mined re-shift permission time Tm. If it is judged in step 
S26 that the elapsed time Ts from the start of shift op- 
eration is shorter than the re-shift permission time Tm, 
i.e., the elapsed time Ts is still within the re-shift permis- 

40 sion time Tm, it is judged that the re-shift is permitted 
and the control proceeds to step S27. On the other hand, 
if the elapsed time Ts is equal to, or longer than the re- 
shift permission time Tm, i.e., the elapsed time Ts is be- 
yond the re-shift permission time Tm, it is judged that 

45 the manual re-shift is prohibited and the control returns 
to step S18. 

[0031] In step S27, a shift operation to a next gear 
ratio is started based on a new shift command in the 
manual shift mode of the transmission. The control pro- 
50 ceeds to step S28 where the counted value of the re- 
shift permission timer is cleared to zero, and then the 
control returns to step S1 7. 

[0032] In step S29, the counted value Ts of the re-shift 
permission timer Ts from the start of shift operation is 
55 compared with a another predetermined re-shift permis- 
sion time Td in the automatic shift mode. If it is judged 
in step S29 that the elapsed time Ts is shorter than the 
re-shift permission time Td, i.e., the elapsed time Ts is 



w 

still within the re -shift permission time Td, it is judged 
that the re-shift is permitted so that the control goes to 
step S30. On the contrary, it is judged in step S29 that 
the elapsed time Ts is equal to, or longer than the re- 
shift permission time Td, i.e., the elapsed time Ts is be- 
yond the re-shift permission time Td, it is judged that the 
automatic re-shift is prohibited so that the control returns 
to step S18. 

[0033] In step S30, an automatic re-shift to a next gear 
ratio is started based on the new shift command. The 
control then proceeds to step S31 where the counted 
value of the re-shift permission timer is cleared to zero, 
and the control then returns to step S17. 
[0034] One example of the relationship between the 
elapsed time Ts after the shift operation in the automatic 
transmission 1 1 has been started and the re-shift per- 
mission time is shown in FIG. 6, where a re-shift com- 
mand is given during the shift operation for the previous 
command. It is assumed that the shift operation is to be 
performed from the second gear ratio to the third gear 
ratio. Furthermore, the progress of the shift operation is 
indicated as a change in the clutch oil pressure. 
[0035] As shown in FIG. 6, if a first shift command to 
the third gear ratio is given when the current gear ration 
is the second gear ratio, the elapsed time is counted by 
the re-shift permission timer Ts from the very instant 
when the shift command is given. The oil pressure of 
the clutch in engaged state for achieving the second 
gear ratio decreases, while the oil pressure of the clutch 
to be engaged for achieving the third gear ratio increas- 
es. 

[0036] Here, if a second shift command, i.e., a re-shift 
command is given during the shift operation, the 
elapsed time Ts as from the first shift command is com- 
pared with the re-shift permission time Tm or Td. In FIG. 
6, the elapsed time Ts is longer than the re-shift permis- 
sion time Td, but shorter than the re-shift permission 
time Tm. Therefore, if the re-shift command is given dur- 
ing the shift operation from the second gear ratio to the 
third gear ratio is a shift command in the automatic shift 
mode of the transmission, the re-shift is prohibited be- 
cause the re-shift permission time Td has already 
elapsed. On the other hand, if the re-shift command is 
given in the manual shift mode of the transmission, the 
manual re-shift is permitted because the elapsed time 
Ts is still within the re-shift permission time Tm. This 
means that priority is given in the automatic shift mode 
of the transmission to prevent generation of shift shock 
by completing one shift operation before a successive 
shift operation is started, whereas priority is given in the 
manual shift operation of the transmission to quick re- 
sponse to manual re-shift inputs as promptly as possible 
so as to accurately and timely satisfy the drivers de- 
mand. 

[0037] It will be appreciated from the foregoing de- 
scription that, in the shift control system according to the 
present invention, the elapsed time after a shift opera- 
tion has been started is counted by a re-shift permission 
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timer and compared with a predetermined first re-shift 
permission time in the case of automatic shift operation 
and a predetermined second re -shift permission time in 
the case of manual shift operation, wherein the first re- 
5 shift permission time and the second re-shift permission 
time are different from each other. Therefore, it is pos- 
sible to perform the shift control in optimized manner 
both in the automatic shift mode and the manual shift 
mode. 

10 [0038] While the present invention has been de- 
scribed above with reference to specific embodiment 
shown in the accompanying drawings, it has been pre- 
sented for illustrative purpose only, and various changes 
or modifications may be made without departing from 

15 the scope of the invention as defined by the appended 
claims. Thus, for example, the present invention may be 
applied to a belt-type continuously variable transmis- 
sion. 

20 

Claims 

1 . A shift control system for an automatic transmission 
having an automatic shift mode in which a proper 

25 gear ratio is automatically selected according to a 
shift command based on a throttle valve opening 
and a vehicle speed, and further having a manual 
shift mode in which a gear ratio is selected accord- 
ing to a shift command given by driver's manual op- 

30 e ration, said shift control system comprising timer 
means for counting an elapsed time after a shift op- 
eration has been started, said elapsed time being 
compared with a predetermined first re-shift permis- 
sion time in the case of automatic shift operation 

35 and with a predetermined second re-shift permis- 
sion time in the case of manual shift operation, said 
first re-shift permission time and said second re- 
shift permission time being different from each oth- 
er. 

40 

2. The shift control system according to claim 1, 
wherein said second re-shift permission time is set 
to be longer than said first re-shift permission time. 

45 3. The shift control system according to claim 1 or 2, 
wherein said manual shift mode of the automatic 
transmission enables an upshift of one step of the 
gear ratios by one manual operation and a down- 
shift of one step of the gear ratios by one manual 

so operation. 
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